are capable of assembling into macroscopic and complex ceramic structures. The aggregation follows a bottom up approach and can be easily controlled. The directed assembly of concentrated suspensions leads to highly dense (~99%) ceramic components with average 4-point bending strength of ~200 MPa. On the other hand, the emulsification of suspensions with concentrations from 7 to 43 vol% and 50 vol% decane results in emulsions with different properties (stability, droplet size and distribution). The oil droplets provide a soft template confining the alumina particles in the continuous phase and at the oil/water interfaces. Aggregation of these emulsions followed by drying and sintering leads to macroporous (pore sizes ranging from 30 to 4 µm) alumina structures with complex shapes and a wide range of microstructures, from closed cell structures to highly interconnected foams with total porosities up to 83%. Alumina scaffolds with ~55 % porosity can reach crushing strength values above 300 MPa in compression and ~50 MPa in 4-point bending.
INTRODUCTION.
Based on lessons from nature, scientists have been designing materials that respond to stimulus in the same way that living systems respond to subtle changes on their environment [1] . Applications of synthetic 'responsive' polymers in drug delivery, tissue engineering or cell mediation have been studied extensively and numerous papers and patents evidence a rapid growing field [1, 2] . Responsive polymers are characterized by a reversible response to external stimuli; they are capable of changing their configuration or properties under a change of pH, stress, light or temperature [3] [4] [5] . Recent works on surface engineering describe responsive surfaces that, for example, switch from super hydrophobic to superhydrophilic in response to light, temperature, pH or stress [1, 3, 6] . However, these advances have not been applied before in wet processing of ceramics.
On the other hand, the design and manufacturing of cellular structures is a widely investigated area in materials science. Thanks to their unique combination of properties and functionalities (for example they can be light and strong), porous materials are used in many applications for engineering and medicine. From catalysis supports, filters, separation membranes, thermal insulators, reinforcement of composites to scaffolds for bone replacement [7] [8] [9] . However, shaping bulk materials in porous hierarchical structures with practical dimensions, controlled morphological features at multiple scale lengths and multifunctional properties, is still a challenge in materials science. Freeze casting, foaming, emulsion and sacrificial templating are some of the techniques currently available to create cellular materials. Freeze casting uses the complex structure of ice to create materials that exhibit bioinspired hierarchical structures and promising properties [10] . Foaming of colloidal particles functionalized with short chain amphiphile molecules leads to very ultra-stable wet ceramic foams, that can be consolidated into highly porous foams [11] . Sacrificial templating uses natural or synthetic hard templates (for example polymeric foams, wood or coral) and impregnation of colloidal suspensions to create ceramic foams with the same structure as the original template [9] . Emulsion templating is another path used to fabricate cellular ceramics, metals and polymers [12] [13] [14] [15] [16] [17] [18] [19] [20] . Although particle stabilized emulsions are known for more than a century [21] , many authors have delved into their understanding and application to build cellular materials in recent studies [13, 15, 22, 23] . The oil droplets act as a temporary template and determine the morphological features in the final porous structures.
Despite the availability of these wet-processing techniques, there are still some challenges to overcome. For example, these approaches are often limited to the fabrication of monoliths with very simple shapes, like cubes or cylinders. Another disadvantage is their limited flexibility. Some of these techniques are specifically optimized for certain materials and additives, also making difficult the scaling up in a manufacturing process. It is necessary to formulate and integrate new basic science into practical manufacturing techniques to overcome some of the current processing limitations.
In this work we aim to integrate a bottom-up particle assembly approach inspired by natural processes -such as the directed assembly of DNA molecules and other proteins in living organisms -into traditional ("top-down") processing technologies. This combination ena-bles building hierarchical ceramic structures with complex shapes at the macro scale [12] .
The objective is to develop a novel manufacturing route based on the design of 'responsive' particles that 'self-assemble' on-demand into hierarchical architectures. We use a responsive polymer -namely branched copolymer surfactant (BCS) -to functionalise the surface of alumina particles and make them react to pH changes [12, 24] . Here we delve into the basic science involved in this processing approach: from the basic mechanisms involved in surface functionalization, interface stabilisation and emulsification and their effects in the final microstructures, to the effects of different parameters in aggregation kinetics and network stiffness. We describe how to create highly dense and porous ceramic components with a wide range of morphological features (total porosities varying between 50 and 83% with open porosities between 55 and 70% and pore size from 30 to <4 µm) and provide additional results of their mechanical performance.
EXPERIMENTAL SECTION
Particle functionalisation. BCS with a composition of PEGMA5/MAA95-EGDMA10-DDT10 was synthesized following the protocol described in refs [24, 25] . BCS solutions with compositions between 0.5 and 5 wt/v% were prepared in distilled water at pH 8 (adjusted with NaOH). Alumina powders (Al2O3, Baikalox B-series SMA6, D50=0.3 µm, Baikowski, France) were sieved through 100 µm mesh to break down aggregates. Alumina suspensions (from 7 up to 43 vol%) were prepared by mixing the powders with BCS stock solutions and ball milling for at least 24 hours. The suspensions were subsequently conditioned with 2.5 wt% of 1-octanol and stirring under a light vacuum.
Particle-BCS interactions. BCS functionalised-ceramic suspensions with 10 vol% of particles and increasing concentrations of BCS (from 0.25 to 5 wt/v%) were prepared and analysed by dynamic light scattering (DLS) to measure the effective average particle size. The results were compared with the real average particle size (0.3 m as given by the supplier) and also with the particle size distribution of alumina suspensions stabilised with an electro steric dispersant commonly used in ceramic processing, Dolapix CA (Zschimmer & Schwarz GmbH & Co). Additionally, to determine the BCS adsorption isotherm, the equilibrated alumina/BCS suspensions were subjected to centrifugation to sediment the particles.
By quantifying the amount of sulphur in the supernatants (coming from the DDT chain ends) using inductive coupled spectroscopy (ICP), we could quantify the amount of BCS free molecules in the solution and determine the degree of adsorption of BCS onto the particles. Sulphur standard solutions (with concentrations between 0 and 100 ppm) were measured prior the analysis of BCS pattern solutions and supernatants. By measuring the sulphur contents of BCS solutions with concentrations ranging from 0 to 5 wt/v% BCS, we obtained a calibration fitting to then determine the free BCS amounts in the supernatants.
Emulsification. Ceramic suspensions with solid loads between 7-43 vol% were emulsified with 50 vol% of decane, at stirring speeds ranging from 2,000 to 24,000 rpm, by using either an IKA stirrer or IKA Ultraturrax homogenizer.
Interfacial energy measurements (IFT).
The interfacial (oil/continuous phase) energy of the emulsions was measured using the pendant drop method in a Dataphysics, Contact Angle System OCA (software SCA 20) . First, the IFT of oil/BCS solutions (with increasing BCS concentrations, from 0.5 to 5wt/vol%) were measured from a drop of BCS solution (volumes between 5 and 20 µL) inside an optically clear glass cuvette containing decane.
Afterwards, droplets of alumina suspensions containing the same BCS concentrations and fixed solid loading (17 vol%) were also measured using the same method. Additionally, we evaluated the effect of the solid loading on the IFT for a fixed BCS concentration (1wt/vol%) and increasing particle content. Assembly. We use a pH trigger, glucono--lactone (GL, ≥ 99%, Sigma Aldrich) to homogeneously drop the pH and control the assembly of particles in alumina suspensions and emulsions. GL lowers the pH in a homogeneous two-step process, first dissolution and subsequent hydrolysis of the GL to gluconic acid. Amounts of GL ranging from 0.5 to 12 wt/v% were added to drop the pH below the pKa (6.46 [25] ) of BCS and subsequently trigger the establishment of multiple inter-and intra-hydrogen bonds between the BCS molecules. For the production of dense components, concentrated alumina suspensions (43 vol%) were mixed with GL, poured into the moulds and left until aggregation is completed inside a vacuum cast device (up to 90 min). In the case of porous materials, GL was added to the emulsified suspensions by gently shaking the vials. The emulsions were then poured into the moulds and left setting at room temperature for at least 24 hours before drying in a convective oven at 37 C.
Rheology. Viscosity and viscoelasticity measurements were performed using a Discovery Hybrid Rheometer HR1 (TA Instruments). Viscosity measurements of alumina suspensions and emulsions were done with a conical (ø 60 mm) geometry and a solvent trap cover under 
Preparation of ceramic structures.
High-density alumina components were prepared by triggering the assembly of alumina suspensions (43 vol% solids and 1-2 wt/v% BCS), by adding amounts of GL between 0.5 and 2 wt/v%. Several drying conditions were tested: temperatures between 20 and 50 °C under forced convection, room temperature in air, as well as under vacuum at room temperature. High-density parts were achieved with a three-step drying process. First, after triggering the directed assembly the alumina suspensions were poured into moulds under vacuum (0.6 bar) until aggregation was complete (for ~90 min), thus encouraging the release of trapped air in the sample. The second drying step took place at room temperature in a desiccator for 48 hours. After 24 h in the desiccator the samples could be easily handled and demoulded. After another 24 h, samples were ready for the final drying stage in an oven with forced convection at 40 °C for 24 h.
Alumina foams with a wide range of microstructures were prepared from emulsified suspensions (7 to 43 vol% solid loading in the continuous phase, and 50 vol% decane). GL amounts between 1 and 10 wt/v% (related to the continuous phase) were added to the emulsified suspensions before pouring them into moulds. Samples were left inside a desiccator at room temperature until they could be de-moulded and handled and subsequently dried in a convective oven at 40 C. For samples with low solid loading (7 to 15 vol% in the continuous phase) drying at room temperature in air took place for up to three weeks before sintering. Both, highly dense and porous alumina materials, were sintered in a chamber furnace with a heating rate of 1 Cmin -1 up to 500 C; held for 2 h while the burning out of BCS takes place; afterwards the temperature was raised at 5 Cmin -1 up to 1,550 C and then held for 1 h before cooling down to room temperature.
Characterization. Density and porosity were determined by the Archimedes method. The microstructure and morphological features of the materials were analysed in a Field Emis-sion Scanning Electron Microscope (Gemini 1525 FEGSEM). Thermal etching on dense samples was carried at 1,450 C in air for 1 h after polishing with diamond particles of 1 µm size. Grain size for dense components and pore sizes and distributions for porous materials were quantified from FESEM images using the image analysis software ImageJ and Linear Intercept -Lince (TU Darmstadt) respectively.
Bending strengths and fracture toughness of highly dense alumina pieces were measured following the standards ASTM C1161-02c and ASTM C1421-10 respectively. Bars were cut, grinded and chamfered at 45 according to the standards. For the fracture toughness measurements, bars were notched in a two-step process: first with a 500 m thick diamond blade, and then sharpening with a razor blade and the aid of 1m polishing suspensions.
The pre-crack was sharpened until its length was 30% of the sample height. Top-At the macro scale, we can fabricate alumina components with intricate shapes and densities ranging from high (~99% of theoretical value for dense alumina) when working directly with BCS stabilised suspensions, to very low (up to 83% total porosity) when using emulsified suspensions.
Surface functionalization.
Surface functionalization takes place at pH ≤8 (using BCS stock solutions, see section 2)
when the MAA functionalities in BCS are in their anionic form and the alumina surfaces [25] ) this corresponds to ~1 molecule per nm 2 , which is much smaller than the equivalent molecular diameter (~40 nm). These analyses are in good agreement with the particle size studies and suggest multilayer coverage on the particle surface. This precludes the interpretation using the Langmuir adsorption isotherm (Figure 2d ) [28] , but we do not have enough experimental data to provide a reliable fitting to more complex models. (Figure 3a, b) . IFT values exponentially rise with particle content, evidencing that the mechanisms through which they contribute to overall emulsion stability are different. A previous work suggests that interfacial tension (IFT) reduction is not the operative stabilization mechanism in Pickering emulsions, and points that the stabilizing effects of the particles are related to steric hindrance or surface rheology effects [32] . The increase of γ I with cP ( Figure 3b ) may be explained by rigidity of the emulsion "skin" due to particle surface crowding [32] . In addition, the repulsion forces between the BCS functionalized particles in the "skin" of a droplet with the particles in the "skin" of an adjacent one will contribute to avoid droplet coalescence and maintain a stable emulsion. We have also found that BCS increases the contact angle of water on alumina surfaces (Figure 3e, f) , which may increase the energy required to remove the functionalized particle from the oil/water interface [22, 33] . It is highly likely that a combination of particle and surfactant (BCSr) stabilization is taking place at the oil/water interface [12] . Interfacial tension exponentially increases with increasing particle concentrations (cp, wt%) for a fixed amount of BCS (1wt/v%). This proves that the role of particles in the stabilisation mechanism in the emulsion is not due to a reduction of the interfacial energy. (c) Image of a diluted oil/water emulsion (stabilised with BCSr) showing clearly how the BCS molecules concentrate at the oil/water interfaces. d) Images of a diluted emulsified suspension (stabilised with BCSr) showing in detail the oil/water interface. A layer of fluorescent particles covers oil droplets (highlighted by arrows in the images), while the particles in the continuous phase move rapidly in Brownian motion (the image at the bottom was captured from a video; it illustrates this rapid movement in the continuous phase while the droplets remain still). e, f) Contact angle of water on a clean and a BCS functionalised (0.5wt%) alumina substrate.
During the emulsification process with 50 vol% decane, we found that concentrated suspensions (43vol% solids) require lower emulsification speeds (from 1,000 to 10,000 rpm)
to obtain stable emulsions. Under these conditions the crowd of BCS functionalised particles facilitate droplet breakup, creating a shell on the surface and avoiding coalescence; the emulsification takes place in the rupture controlled domain [22, 34] . The parameters affecting the emulsification in this region are particle concentration and shear rate. Suspensions with high viscosity (43vol%, Figure 3a ) favour droplet breakage under shear. A lower amount of particles in the suspensions strongly affects the emulsification, due to a lower viscosity of the continuous phase, and the decrease on the probability to hit the interface and surface coverage. This shifts the mixing conditions from the rupture controlled to the coalescence-controlled domain [22] . Emulsions prepared with low viscosity suspensions (7-25 vol%, Figure 3a ) are less stable, leading to creaming and phase separation within an hour when prepared at emulsification speeds below 10,000 rpm. An increase in stirring speed during emulsification up to 24,000 rpm facilitates breakage in smaller droplets, avoids creaming and provides stable emulsions for more than 24 hours. When working with low solid loading suspensions (7 to 15 vol%), it is possible to obtain either a very stable emulsion in the rupture-controlled domain at high stirring speed (up to 24,000 rpm), or emulsions with limited stability in the coalescence-controlled domain at low speed (2,000 rpm). Emulsifying conditions determine droplet size and distribution. For example, high stirring velocities (10,000 rpm) and particle contents (43 vol%) lead to very small droplets (down to 1 m). By changing solid loading and emulsification speed, we can change the morphology of the emulsions, allowing us to manipulate the soft template that will eventually shape the final ceramic structures. 
Directed assembly
Rheology also provides a valuable insight into the dispersed-to-aggregated phase transition by measuring the viscoelastic properties (elastic (storage, G') and viscous (loss, G'')) over time immediately after triggering the pH drop ( Figure 5 ). There is a rapid increase in both G'' and G', the crossover point (G' > G'') takes place within minutes for all suspensions and emulsions, and then both rapidly increase until they stabilise to eventually reach a plateau.
At this point, there is a strong binding effect due to hydrogen bonding across BCS molecules that connect a stiff particle network. Comparing the viscoelastic fingerprints before and after aggregation (Figure 6a ), we find that the storage modulus (G') dominates and increases up to 5 orders of magnitude after aggregation. The viscoelastic fingerprint also shows how this stiff particle network breaks down (G', and G'' decrease and G'' dominates) at strains of 10% (Figure 6a ). We find that aggregation kinetics slightly differs for suspensions and emulsified suspensions ( Figure 5 ). For the latter, the viscoelastic properties (G' and G'') increase at different rates during the network establishment, which might be associated with shrinkage. It takes place due to the packing of particles in a BCS network that is accompanied by small amounts of sweating (water segregation). For a 43vol% suspension, shrinkage is detected within 3 min (Figure 5a ). In the emulsion it is a bit more delayed (6 min), taking place simultaneously with the change of increasing rate for the viscoelastic moduli (Figure 5b ).
This could be explained by the need of a stiff particle network in the continuous phase that must be strong enough to bring together and pack particles and oil droplets during shrinking. Other factors that also change the kinetics are pH (i.e. amounts of pH trigger (GL)), BCS and particle concentrations and temperature. The pH (GL concentration) plays the main role in the kinetics and stiffness of the assembly; it is responsible for the establishment of multiple non-covalent interactions across BCS molecules that connect the particles in a stiff network. An increase of BCS concentrations leads to longer aggregation times due to its buffer role, which slows down the pH drop. For a fixed amount of BCS and particles, an increase on the amount of GL results in larger G' values as well as shorter times to crossover point (G'>G'') and final plateau (Figure 6c ). GL amounts above 2wt/v% lead to fast aggregation times (< 2min) for concentrated suspensions (43 vol%, containing 1wt/v% BCS) facilitating a rapid assembly. As soon as the pH drops, the particle network forms when the hydrogen bonds are 'turned on'. For the emulsified suspensions, higher concentration of particles in the continuous phase leads to faster aggregation kinetics and stiffer self-supporting green bodies (Figure 6b, d) . Temperature also affects the kinetics; triggering the aggregation in an ice bath slows down GL hydrolysis to gluconic acid and as a consequence delays the network establishment.
3.3. Consolidation: processing map.
Directing the assembly of suspensions and emulsions into complex shape moulds enables the fabrication of intricate ceramic components [12] . After consolidation at hightemperature, they can have densities ranging from 99% to 10% by using suspensions or emulsified suspensions. The aggregation of suspensions leads to high-density pieces (up to 99%, table 1), while the emulsification step opens up multiple possibilities offering a wide variety of porous microstructures (Figures 7-9 ). The relation between emulsifying conditions, particle concentration in the continuous phase and final microstructures after consolidation is summarised in a processing map ( Figure 7 ). Figure 7 . Map illustrating the correlation between particle concentration in CF, stirring speed during the emulsifying process and final structural properties of porous alumina (porosity, interconnectivity and pore size). Particle concentrations in CF range from 7 to 43 vol% and stirring speeds between 1,000 and 24,000 rpm. Higher particle concentrations lead to closed porosity, with smaller pore sizes with increasing emulsification speeds. Lower particle concentrations lead to higher and more interconnected porosities.
By assembling emulsions prepared at relatively low emulsification speeds (~2,000rpm)
with high solid loading we obtain closed cell ceramic structures with porosities of 50 to 60% and an average pore size of 3313 µm (Figures 7, 8a) . Increasing the stirring speed during emulsification (up to 10,000rpm) results in a considerable droplet size reduction that lead to a very small pore size in the final structure, with more interconnected porosity (total 60%, 37% open) and an average of 41.5 µm with all the pores under 10 µm (Figures 7,   8b ). Sintering of these samples must be limited to 0.5 h to preserve the microstructure and avoid the fusion of the pore walls and loss of porosity. rpm reduces the final average pore size to ~4m with some pores over 1m. c) When using suspensions with lower concentrations we obtain open cell foams with higher porosity and thinner walls, with a nicely interconnected structure. d) Samples subjected to slow drying at room temperature in air display pores with polyhedral shapes (resembling a honeycomb) due to the formation of thin films as oil droplets in the emulsion tend to coalesce over time.
Emulsified suspensions with low particle concentrations (7 to 15 vol% in CF) prepared with stirring speeds (up to 10,000 rpm), tend to cream, coalesce and destabilize within an hour. But adding GL amounts up to 12 wt/v% quickly accelerates the aggregation kinetics and preserves the droplet arrangement before destabilization takes place. This makes it possible to obtain unique graded structures with large interconnected pores at the top and in decreasing size towards the bottom ( Figure 9 ) [12] . Increasing the emulsification speed up to 24,000 rpm leads to more stable emulsions, which after consolidation result in a homo- . SEM images of porous alumina with gradient porosity obtained from an emulsified suspension with limited stability (GRADED region in the processing map ( Figure 7) ), corresponding to low solid loading (12 vol%) and low emulsification speed (< 8,000 rpm). In these emulsions, particles that do not hit droplet surfaces sediment at the bottom, followed by small and stable oil droplets covered by particles on their surfaces, bigger droplets are less stable tending to coalesce and separate at the top. A rapid assembly of these emulsions preserves this arrangement and provides unique graded structures.
Characterisation
The mechanical performance of high-density ceramic parts is intimately related with processing conditions and drying is a critical step in advanced ceramics. Being our goal to provide a new approach to control the architecture of ceramic structures, it is essential to understand how drying may affect them to minimize its detrimental effects. The highest density microstructures are achieved when drying of suspensions takes place in three steps (see section 2, Figure 10 ). The final parts have average strengths of 194 MPa but a relatively low Weibull number of 5.4 (Table 1, Figure 10 ). Their fracture toughness is on the high range for dense alumina materials ( Table 1 ). The materials have dense microstructure with no intergranular porosity, but the SEM images also reveal abnormal grain growth (average aspect ratio of 3.42±1.00, Figure 10c, d ). This could be caused by impurities from the environment during processing as well as leftover S from the BCS molecules, and Na from the solutions used to prepare the materials [35] . These elongated grains (that can measure up to 70 m in length) are probably responsible for increased toughness [36] . From the toughness
and strength values the critical defect size is of the order of ~100 µm. This suggests that relatively big pores remain in some samples -probably due to trapped gas bubbles -increasing the probability of fracture when the pore is in the region under stress and decreasing reliability. Longer degasification times and the use of sintering additives (MgO or ZrO2) to inhibit abnormal grain growth, could improve the microstructures and their mechanical performance. In a previous communication, we reported the mechanical properties of porous alumina with porosities between 50 and 80% [12] . Crushing strengths are particularly high for closed cell structures with porosities between 50 and 60% [12] . Here, we provide additional data that confirm our preliminary results. All the structures have a clear breaking point; the curves exhibit an initial linear elastic behaviour until they reach the critical crushing strength (values used to calculate the compressive strengths), typical of elastic brittle foams. After that the stress drops, followed by a plateau and densification upon further compression (Figure 11a) . We find that the crosshead speed during compression tests does not significantly affect the results (Figure 11b ). SEM images of dried specimens before consolidation reveal how the hierarchical arrangement at the nano and micro scale is likely responsible for the excellent mechanical performance in compression. The low viscosity of the alumina suspensions at pH 8 throughout the highly organised soft template facilitates very efficient packing in the continuous phase. This arrangement is preserved when the pH drops and BCS molecules change behaviour to binding mode forming a particle network across continuous phase and interfaces. The wall of a pore before sintering shows how the particles perfectly arrange at the oil/water interface (Figure 12a, b) . This arrangement provides high-density walls and struts after consolidation (Figure 12c, d) . Abnormal grain growth also takes place in these porous structures. Figure 11 . a) Stress-strain curve; b) effect of crosshead speed on crushing strength; and c) comparison of compressive strength of three materials with porosities of ~54, 68 and 78% with other macroporous materials in literature [17, 34, [37] [38] [39] [40] [41] [42] [43] [44] [45] . Closed cell porous alumina (~54%) exhibits a remarkable high strength in compression compared to other materials and the Gibson and Ashby model (dashed lines for this model considering strength of the wall of 400 MPa). As porosity increase and pores are more interconnected and walls get thinner, the crushing strength drops. Their mechanical behaviour in bending seems to follow the trend of other macro-porous alumina materials in literature [38, 46] (Figure 13 ) and also the theoretical predictions using Gibson and Ashby model. All the specimens show a brittle fracture after linear elastic behaviour (Figure 13a) , with bending strength decreasing when porosity increases. Our results show how bending strengths can be overestimated when using 3pb. The average bending strength decreases around 50 % when determined in 4pb ( Figure 13 ) because the larger region under stress increases the probability of failure. BCS concentrations seem to have an important role in mechanical performance. Bending strengths for samples with similar po-rosities (54 and 51 %) decrease substantially with BCS content in the suspension. Increasing BCS concentration from 1 to 2 wt/v% BCS results in a drop of 46 % in average bending strength in 3pb, and 51 % in 4pb. The formation of small pores in the walls and windows interconnecting the structure leads to an increase of open porosity that seems to be responsible for failure at lower strengths ( Figure 13 ). These results provide very important information to take into account in the manufacturing of porous materials using this approach. Figure 13 . a) Example stress vs. strain curve during bending for one of the specimens. b) Graph showing bending strength of alumina macro porous structures including data from this work and [38, 46] . Dashed and dotted lines highlight the Gibson and Ashby theoretical predictions calculated considering the strength of the dense materials in this work fabricated using the same process (~400 MPa in 4pb).
CONCLUSIONS
Complex alumina parts with a wide range of microstructures -from high-density (~99 th%) to porosities up to ~80 %-can be prepared using a responsive building blocks approach.
Using small amounts of a pH responsive branched copolymer we have been able to func- with bubble elimination, and drying is carried out in three stages. In short, the use of a responsive polymer designed for drug delivery (BCS) to design responsive building blocks in ceramic processing opens up multiple possibilities to assemble complex structures. We can formulate a wide range of water-based soft materials with promising potential in different manufacturing techniques, from casting, templating to 3D printing. An additional advantage is that waste production can be minimised thanks to the reversibility of the assembly process.
